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PREFACE 


’ Pioneer Engineering has conducted a cost study of components affected by: 
@ FMVSS 201 - Occupant Protection in Interior Impact 


‘@ FMVSS 203 - Impact protection for the Driver from the Steering Control 
System 


e FMVSS 204 


Steering Control Rearward Displacement 
@ FMVSS 210 - Seat Belt Assembly Achorages 


This work was performed under Contract DTNH22-83-C-06007. The objective of 
the study was to develop cost trends of the components required to meet these 
Standards. These costs were developed by selecting a sampling of automobiles that 
are produced in a relative high volume and were representative of a majority of those 
sold in the United States. Components from the sample vehicles were obtained and 
detailed cost were derived through reverse engineering analysis and detailed processing. 
The resulting cost data indicates the magnitude of the economic impact on the industry 
and the consumer from the implementation of these Standards. All cost data were 


based on on third quarter 1984 economics. 


This contractor, Pioneer Engineering and Manufacturing Company, has conducted 
numerous previous "teardown" analyses for the NHTSA and private industry. The 
methodology for both conducting the "teardown" analysis and determining the estimated 
costs from actual part manufacturing process analysis has been developed and perfected 
by over 15 years experience in this type of work. The cost estimating techniques 
employed in the analysis are based on current automotive industry practice to assure 


real world consumer price values. 


The contractor acknowledges the contributions of its staff, the automotive manu- 
facturers, the Motor Vehicle Manufacturers Association and automotive trade 
publications. Special acknowledgement is made to the Contract Technical Manager, 
Mr. Warren LaHeist, for his contributions and helpful reviews throughout the program. 
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INTRODUCTION 


The objectives of this contract were as follows: 


e@ Determine the cost effect (trend cost) that Federal Motor Vehicle Safety 

Standards: 

ee FMVSS 201 - Occupant Protection in Interior Impact 

e@ FMVSS 203 - Impact Protection for the Driver from the Steering 

Control System 

e@ FMVSS 204 - Steering Control Rearward Displacement 
had on 1983 automobiles and also to make a determination of the affect 
of downsizing, weight reduction and front wheel drive may have had on 
the cost of implementing these Standards. These Standards were 


implemented in 1968. 


@ Develop Pre, Post and Trend Cost Comparison of: 
e@ FMVSS 210 - Seat Belt Assembly Anchorages 
for full, mid, compact, sub-compact, foreign cars, multi-purpose vehicles, 


and both standard and light-weight pickup trucks. 


The basis for the above price determinations is the "teardown" and analysis of 
system components from selected vehicles representing comparable makes/models prior 
to and after the effective date of the Standards. All of the cost information is 
therefore compiled from actual changes made by the manufacturers to assure compliance 


with the requirements specified in the FMVSS. 


The analysis of design changes between comparable vehicles highlights those 
resulting from implementation of the Standards and those made for other reasons, such 
as styling, cost reduction or other functional improvements not associated with the 
requirement of these Standards. The analysis also provides the material type and 
weight of all components in the systems. For those components identified as changed 
because of the Standards, a detailed, or Micro-Cost Analysis, was conducted to determine 
the variable manufacturing costs. This analysis is based on a complete manufacturing 
process study which provides material, labor and burden costs for each part plus the 


costs of assembly operations. 


A Macro-Analysis of the major U.S. automobile manufacturer's financial statements 


was utilized to determine the ratio of cost of goods sold to income from sales which 


a 


in turn provided an average ratio of variable manufacturing cost to manufacturers 
wholesale price. An analysis of dealer discounts in the automotive industry provided 
a typical ratio of wholesale price to consumer price. A summation of the component 
consumer price changes for each set of comparable vehicles provided the net consumer 


price effect of the specified Standards. 


The quantity of pages generated by this effort has dictated that this report be 
presented in three (3) volumes. This volumes includes text for the entire report, and 
the data for Standard 201. Volume [I contains the data for Standards 203 and 204; 


Volume If contains text for Standard 210. 


noe 


SUMMARY 


The intent of FMVSS 201 is to offer passenger car occupants as much protection 
as practical from obstructions, projections and hard places in the passenger compartment 
that may cause injury in the course of an accident. 


This study obtained, from the list of 1983 cars tabulated below, those safety 
components related to FMVSS 201 and made a detailed weight, material and process 
analysis of each item. The current cost effect that each safety feature had on each 
car was then determined. The costs developed in this study indicate total costs, not 


differences or changes related strictly to the Safety Standard. 


MAKE AND MODEL IDENTIFICATION OF VEHICLES 
USED IN COST SAMPLING PLAN FOR 
FEDERAL MOTOR VEHICLE SAFETY STANDARD 201 


NUMBER MAKE SIZE* MODEL 
01 Chevrolet Standard Impala-Caprice 
02 Chevrolet Intermediate Malibu 
03 Chevrolet Compact Cavalier 
04 Ford Standard Crown Victoria 
05 Ford Intermediate Fairlane-LTD 
06 Ford Compact Mustang 
07 Chrysler Standard oth Avenue 
08 Chrysler Intermediate "E" Class 
09 Chrysler Compact Valiant-Reliant 
10 ASM.C. Subcompact American, Gremlin, Alliance 
Wal Toyota Subcompact Corona, Tercel 
02; Nissan Subcompact Sentra 


*Size Classification Per Automotive News 


An analysis of all the affected components, across the sampling of vehicles, 


indicated that most high and middle line, pre-Standard vehicles were in compliance, 
prior to the effective date, especially in the areas associated with luxury or comfort 


such as additional seat back protection, padded sunvisors and arm rests, key released 


See 


positive latch glove compartment doors, and some instrument panel padding (most were 
at least vinyl covered). The low line or economy vehicles, with painted instrument 
panels, unpadded sunvisors and arm rests, and glove compartment doors held shut with 


a detent or friction type catch, as a rule, had the largest safety compliance cost. 


The Alliance glove compartment latch is a good example of cost effective design. 
They use a one piece plastic latch and integral return spring that costs less than $0.05. 
The average cost of the components required to perform the same function for the 
ears in the study is $0.31. It seems styling and design are sometimes more of a cost 


penalty than safety. 


sy is 


GLOVE COMPARTMENT DOOR LATCHES 


Per. FMVSS 201, each interior compartment door shall remain closed when subjected 
to an interior load of 10G, or a 30 MPH head-on collision. At one time most 
manufacturers used an indented or friction catch on the glove compartment door, 
especially on the low line cars. FMVSS 201 made it necessary to use a positive latch 


and striker that would not release until a button was depressed or a key turned. 


The cars studied indicated an interesting spread in cost and weight. The most costly 
latehes are the lockable ones; i.e., General Motors, Ford and Chrysler models. The 
locking feature appears to be a penalty of approximately $.60 to $.75. Ford save $.30 
to $.35 and about .15 pound each by using a plastic injection molded housing. The 
two Japanese models use non-locking push button release mechanisms. Sentra's lock 
housing is plastic. The AMC Alliance four cent ($.04) lateh is by far the most 
innovative of those included in the study. It is a one piece, sliding plastic latch. 
Even the return spring is an integral part of the injection molded latch. The striker 


is simply a rectangular hole in the instrument panel. 
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TABLE 2 


GLOVE COMPARTMENT LATCH 


A 
SAFETY 

VEHICLE VEHICLE SYSTEM 
MAKE/MODEL NO. COST 
Chevrolet 

Caprice 1 $1.57 
Chevrolet 

Malibu 2 1.28 
Chevrolet ‘4 er 

Cavalier 
Ford 

Crown Victoria 4 1,14 
Ford 

OED) 5) 1.14 
Ford 

Mustang 6 0.83 
Chrysler 

Fifth Ave. 7 1.42 
Chrysler 

"E" Class 8 1.42 
Plymouth 

Reliant 9 1.42 
AMC 

Renault/Alliance 10 0.04 
Toyota 

Tercel 11 0.39 
Nissan 

Sentra 12 0.30 
TOTAL 


Safety System Weighted Average Cost = $1.26. 


B 
NO. OF 
VEHICLES 
PRODUCED 


676,907 
978,105 
1,168,189 
152,454 
420,858 
219,159 
123,684 
119,009 
338,652 
142,205 
147,965 


209,889 


4,697,076 


Cc 


WEIGHTED COST 
(A X B) 


$1,062,743 
1,251,974 
1,834,056 
173,797 
479,778 
181,901 
175,631 
168,992 
480,886 
5,688 
57,706 


62,967 


nn Rees 


$5,936,119 


Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 
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WINDOW REGULATOR HANDLES 


Some pre-standard cars used a two piece, crank and knob assembly, both of which 
were chrome plated zine die castings. The knob portion of the window regulator 
extended into the passenger compartment approximately 2.0 inches and represented a 
safety hazard upon which an occupant could be injured if thrown against it in the 
course of an accident. All post-standard vehicles now use a more pliable plastic or 
rubber knob. The General Motors, Ford and Chrysler regulators have chrome plated 
die cast cranks and soft plastic knob assemblies. The Alliance, Tercel and Sentra use 
a simple two piece plastic crank and knob which are nearly a dollar a door less 


expensive. 
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TABLE 4 


WINDOW REGULATOR HANDLE FRONT DOOR 1 RT. & 1 LT. 


A sas Cc 
SAFETY NO. OF 

VEHICLE VEHICLE SYSTEM VEHICLES WEIGHTED COST 
MAKE/MODEL NO. COST PRODUCED a) (A ene) 
Chevrolet 

Ea 1 $2.95 676,907 $ 1,996,876 
Chevrolet 

Malibu 2 2.94 978,105 2,875,629 
Chevrolet 

Anes 3 2.95 1,168,189 3,446,158 
Ford 

Crown Victoria : 2.66 152,494 405,528 
oe 5 2.64 420,858 1,111,065 

LTD , lll, 
Fore 6 2.65 219,159 580,771 

Mustang 
Chrysler 

cues 7 2.37 123,684 293,131 
Chrysler 

aaa g 2.32 119,009 276,101 
Blymeuth 9 2.32 338,652 785,673 

Reliant 
AMC 

Repu 10 0.69 142,205 98,121 
sa elas il 0.75 147,965 110,974 

Tercel 
Nissan 

ae 12 0.75 209,889 $ 157,417 
TOTAL 4,697,076 $12,137,418 


Safety System Weighted Average Cost = $2.58. 
Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 
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INTERIOR DOOR RELEASE HANDLES 


At‘ one time, most inside door release handles were crescent shaped, chrome plated 
zine die castings and extended into the passenger compartment enough to cause injury 
if an occupant happened to be thrown against it. “Most current door release handles 
are either built into the arm rest or flush with the door inner trim panel. The large 
eost difference (Caprice $4.25 to Sentra $.92) is apparently due to material selection 
dictated by styling or design and not specifically for safety reasons. All those studied 
were assumed equally safe. General Motors, Ford and Chrysler high line cars have 
the most costly door release handles ($4.25 to $3.82). All use a chrome plated zine 
die east handle and steel housing or well. The Reliant, Malibu, Cavalier and Alliance 
use similar handles and plastic housings or no housing at all. The remaining five (5) 


ears use plastic handles and Sentra, the least costly ($.92) uses no housing. 
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DOOR RELEASE HANDLES 


VEHICLE 
MAKE/MODEL 


Chevrolet 
Caprice 

Chevrolet 
Malibu 


Chevrolet 
Cavalier 


Ford 
Crown Victoria 


Ford 
LTD 


Ford 
Mustang 


Chrysler 
Fifth Ave. 


Chrysler 
"E" Class 


Plymouth 
Reliant 


AMC 
Renault/Alliance 


Toyota 
Tercel 


Nissan 
Sentra 


TOTAL 


VEHICLE 
NO. 


1 


TABLE 6 


FRONT DOOR 


A 
SAFETY 
SYSTEM 

COST 


$4.25 


Safety System Weighted Average Cost = $2.62. 
Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 


Rie 


PRT sce i he 


B 
NO. OF 
VEHICLES 
PRODUCED 


679,907 
978,105 
1,168,189 
152,454 
420,858 
219,159 
123,684 
119,009 
338,652 
142,205 
147,965 


209,889 


4,697,076 


Cc 


WEIGHTED COST 
(A X B) 


$ 2,876,855 
2,611,540 
2,920,472 

646,405 
496,612 
258,608 
472,473 
179,704 
105,998 
334,182 
250,061 


193,098 


$12,299,990 


ARM RESTS 


Arm rests must comply with FMVSS 201 in that it must either collapse on impact or 
present no unpadded areas that could come in contact with an occupant in the course 


of an accident. 


The usually conservative AMC Renault/Alliance has the most expensive arm rest ($5.57). 
Although it is not the heaviest, it has the largest number of parts (6) most others 
have three (3), the highest assembly cost, a $1.10 trim plate and an integral assist 
handle. The Crown Victoria arm rest is the second most costly ($4.33). It is heavier 
and longer than the Renault/Alliance, but has only three (3) pieces. The next four in 
descending order of cost are the Cavalier, Reliant, L.T.D., and Mustang. All have 
integral assist handles. The remaining six (6) cars have relatively plain arm rests and 


their costs are relative to their size and weight. 
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TABLE 8 


ARM REST FRONT DOOR sad beens Sa by Be 
A 
SAFETY 

VEHICLE VEHICLE SYSTEM 
MAKE/MODEL NO. COST 
Chevrolet 

Caprice 4 S328 
Chevrolet 

Malibu 2 2.90 
Chevrolet 3 426 

Cavalier 5 
Ford 

Crown Victoria : Hee 
Ford 

LTD 5 3.00 
Ford 

Mustang 2 eee 
Chrysier 

Fifth Ave. b Fie 
Chrysier 

"E" Class S eee 
Plymouth 

Reliant : soue 
AMC 

Renault/Alliance av gee 
Toyota 

Teel 11 1.65 
Nissan 

0.69 

Sentra I 6 

TOTAL 


Safety System Weighted Average Cost = $3.31. 


B © 
NO. OF 

VEHICLES WEIGHTED COST 

PRODUCED (A X B) 
676,907 $ 2,403,020 
978,105 2,445,263 

1,168,189 4,976,485 
152,454 660,126 
420,858 1,494,046 
219,159 778,014 
123,684 213,973 
119,009 Wie o23 
338,652 1,263,172 
142,205 792,082 
147,965 244,142 
209,889 144,823 

4,697,076 $15,592,469 


Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 


l/s? 


SUNVISORS 


Sunvisors are considered a possible injury source and are included in FMVSS 201, Section 
3.4 which states: "Two sunvisors shall be provided that are constructed of or covered 
with energy absorbing materials" and "Each sunvisor mounting shall present no rigid 
material edge radius of less than 0.125 inch that is statically contactable by a spherical 
6.5 inch diameter head form". Sunvisor costs vary from a high of $5.60 (Malibu) to 
a low of $2.84 (Sentra). However, most of this difference is in the hinge rod and 
mounting bracket. The three Chevrolets use chrome plated zine hinge rod and mounting 
bracket for a styling penalty of $2.33 over Sentra's plastic rod and bracket. The two 
items considered safety related are the pad (31) and cover (30). In these two parts, 
Malibu and Sentra are only one cent ($.02) apart. The remaining ears safety related 


costs vary according to their choice of energy absorbing material used. 
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SUNVISORS 
VEHICLE VEHICLE 

MAKE/MODEL NO. 

Chevrolet 1 
Caprice 

Chevrolet 9 
Malibu 

Chevrolet 3 
Cavalier 

Ford 4 
Crown Victoria 

Ford 5 
LTD 

Ford G 
Mustang 

Chrysler 7 
Fifth Ave. 

Chrysler 8 
"E" Class 

Plymouth 9 
Reliant 

AMC 10 
Renault/Alliance 

Toyota 
Tercel mM 

Nissan 
Sentra ue 

TOTAL 


TABLE 10 


Safety System Weighted Average Cost = $4.99. 
Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 


=19= 


B 
NO. OF 
VEHICLES 
PRODUCED 


676,907 
978,105 
1,168,189 
152,454 
420,858 
219,159 
123,684 
119,009 
338,652 
142,205 
147,965 


209,889 


4,697,076 


C 


WEIGHTED COST 
(A X B) 


$ 3,607,914 
5,477,388 
6,308,221 

800,383 
2,159,001 
1,051,963 

535,552 

505,788 
1,442,657 

412,394 

575,584 


996,085 


$__ 596,085 


$23,472,932 


INSTRUMENT PANELS 


To comply with FMVSS 201, instruments panels must be padded to the extent that 
when that area of the instrument panel that is within the head impact area is impacted 
by a 15 pound 6.5 inch diameter head form at a relative velocity of 15 miles per 
hour, the deceleration of the head form shall not exceed 80G continuously for more 
than 3 milliseconds. 


There are exceptions to the basic requirements that allow Nissan and Toyota to pad 
only the passenger's side of their instrument panel. It is possible that some of the 
other cars in this study could have complied with the standard by using the smaller 
passenger side pads, but because of styling or design chose to pad the entire instrument 


panel, 


The Toyota Tercel uses a foam padding that forms its own skin in the mold and does 
away with the need for a separate cover, and in the process, saves about one dollar 
($1.00) a car. 
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INSTRUMENT PANEL PAD 


VEHICLE 
MAKE/MODEL 


Chevrolet 
Caprice 

Chevrolet 
Malibu 


Chevrolet 
Cavalier 


Ford 
Crown Victoria 


Ford 
LTD 


Ford 
Mustang 


Chrysler 
Fifth Ave. 


Chrysler 
"E" Class 


Plymouth 
Reliant 


AMC 
Renault/Allianee 


Toyota 
Tercel 


Nissan 
Sentra 


TOTAL 


Safety System Weighted Average Cost = $12.75. 


VEHICLE 
NO. 


1 


11 


12 


TABLE 12 


A 
SAFETY 
SYSTEM 

COST 


$11.29 


14.02 


15.00 


13.38 


12.78 


12.78 


8.64 


14.68 


14.68 


13.27 


3.04 


3.23 


B 
NO. OF 


VEHICLES 
PRODUCED 


676,907 
978,105 
1,168,189 
152,454 
420,858 
219,159 
123,684 
119,009 
338,652 
142,205 
147,965 


209,889 


oe 


4,697,076 


€ 


WEIGHTED COST 
(A X B) 


$ 7,642,280 
13,713,032 
17,522,835 

2,039,834 
5,378,565 
2,800,852 
1,068,630 
1,747,052 
4,971,411 
1,887,060 
4,498,814 


677,941 


ee 


$59,899,307 


Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 


Boys 


SEAT BACKS 


That portion of the front seat back that is within the head impact area must withstand 
the impact of a 15 pound sphere, 6.5 inches in diameter, moving at a relative velocity 
of 15 miles per hours, and at impact, decelerate this head form in such a manner that 


it shall not exceed an 80G force for more than 3 milliseconds. 


The object of including seat backs (upper six inches) in this study was to determine 
the cost of compliance for each of the auto manufacturers, in meeting the requirements 
of this standard. Representatives of the domestic auto manufacturers were asked, 
what original change or upgrading was necessary to meet the standard when it was 
first introduced. Without exception, all answered that as far as they knew all seat 
padding was in compliance before the introduction of the standard, and the only changes 


since the standard was introduced was for styling and upgrading for customer comfort. 


To follow the example of previous studies, the portion of the front seat back included 
in this study was the top six inches of foam and cover plus any support that extends 
into this area. Only material costs are used unless a part is wholly contained in the 
upper six inches of the seat back; otherwise we assumed very little additional labor 


was required to mold the pad or cut and sew the cover. 


Standard equipment seats were used to avoid the complication that extra padding in 
the luxury or option seats may cause. But true to Murphy's Law, other complications 
arose, some of the cars studied have standard split bench seats and do not offer a 
bucket seat option, some have bucket seats standard without a bench option, some are 


high backed without head rests and some come standard with head rests. 


The real problem is what to attribute these costs or cost differences to - seat type, 
styling, comfort and luxury, or passenger protection, and how is passenger protection 


evaluated in the upper seat back without including head rests. 


The seat back upper six inch costs range from $2.37 for the "E" Class and Reliant to 
$0.31 for the Toyota Tercel. 
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TABLE 14 


SEAT BACK PADDING 


FRONT 
A 
SAFETY 

VEHICLE VEHICLE SYSTEM 
MAKE/MODEL NO. COST 
Chevrolet 

Caprice : $1.51 
Chevrolet 

Malibu 2 pel 
Chevrolet 3 1.58 

Cavalier y 
Ford* 

Crown Victoria : #38 
Ford 

LTD 5 1.43 
Ford 

Mustang ? eh 
Chrysler 

Fifth Ave. : at 
Chrysler 

"E" Class : vee 
Plymouth 

Reliant P 2.37 
AMC 

Renault/Alliance LY eae 
Toyota 

Tercel Lah ves 
Nissan 

an 12 1.03 
TOTAL 


*Bench Seat 


Safety System Weighted Average Cost = $1.60. 


PORT ToT, 


B 
NO. OF 
VEHICLES 
PRODUCED 


676,907 
978,105 
1,168,189 
152,454 
420,858 
219,159 
123,684 
119,009 
338,652 
142,205 
147,965 


209,889 


4,697,076 


€ 


WEIGHTED COST 
(A X B) 


$1,022,130 
1,770,370 
1,845,739 
207,337 
601,827 
361,612 
243,657 
282,051 
802,605 
110,920 
45,869 


216,186 


$7,510,304 


Safety System Weighted Average Cost - Column B Total Divided By Column A Total. 
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DISCUSSION 


A work flow diagram of the methodology used for this contract is shown in Figure 
1. A discussion of each element of the work plan as used for this program is provided 
on the following pages. The discussion applies to the analysis of all of the Standards 


as a common work plan was used. 


SELECTION 


In order to obtain a representative overview of the changes in the system involved 
in this study without ineurring excessive program cost, it was necessary to establish 
an integrated cost sampling plan. This plan was designed to provide typical systems 
of the major makes and sizes of vehicles without the need to individually examine 
every make/model produced in the affected years. The selection of a key model to 
represent several models from the same manufacturer is possible because of current 
industry practice which utilizes common structure and mechanisms for all makes/models 
sharing a common body size. For example, ail compact size makes in the General 
Motors family use common glove compartment latches, door handles, steering systems, 
ete. As a result, analysis of Chevrolet Cavalier components would also cover the 


systems for a Buick Skyhawk, Oldsmobile Firenza and Pontiac 2000 models. 


To prevent costs inflated by expensive material and trim applications, the vehicles 
selected were low or middle of the line cars without optional extras that could affect 
the components we used, such as vanity sun visors, high line or luxury seats, arm rests, 


ete, 


Those cars selected for this study were to be high volume representatives of all 
the various size classifications and be carry-over models or direct descendants of those 
in previous related studies. The sampling also included cars downsized by weight 
reductions, recently redesigned models representing smaller, more efficient vehicles 


with four and six cylinder engines, rack and pinion steering and front wheel drive. 


ACQUISITION 


As directed by the Statement of Work for this contract, actual parts from the 
selected vehicle systems were procured for comparison and analysis. As many of the 
required components as possible were purchased from automotive part recycle (junk) 
yards, that specialize in late model wrecks. The parts were removed by, or in the 


presence of a Pioneer technician, to insure the parts were from the proper year and 


oN a 


LuOd3u 
WNI4 


JONVHO 
40 


L1S09 LAN 
d013A40 


YSAWNSNOD 


WBiIsBIq MO, YOM 
IT oanstg 


SISATWNY- ONY 
- 19NGNOd 


SSONVHO 


1S09 4O 1809 
JFWSI1OHM 7 NV 
YFTUNLOIVANNVW geet ; 

d013A30 


d013A30 


HOTIM 
AVIdSIO bug aN 


ASTLNAQI 


——-— 5 | 
SONVHO my] SISA 
| 40 WOINH3L 
t MIIAR OS 
| | = 2 
| & — eo! gauindau sv 
[= =... 3 Houvas 


ee vd 


Ale 
es 


J 1aWASSVSIG 


NOILISINOSY 
~ NOTLIS139S 


ny 


model. Approximately 85% of the parts were purchased in this manner. The remainder 
were ordered from automobile dealerships. This worked out very well for Standards 
201, 203 and 204, but seat belt anchors were not usually available as service parts 
and those that were, were so dissimilar to the original parts that they couldn't be 


used. Our only choice was to search far and wide until we found those required. 


DISASSEMBLY 


Upon receipt, or as soon as possible thereafter, the components and sub-assemblies 
were completely disassembled, cleaned, weighed (Ohaus gram balance scale), tagged 
(see Figure 2), and identified as to car manufacturer, model, year, assembly, part 
name, part number and quantity per vehicle. The parts were then packed in a box 
with the name and year of the car and assembly it came from. Because of the 
similarity of parts from car to car, it was necessary to take every precaution to 
prevent losing the individual components or allowing their being mixed with similar 


parts from another car. 


Most of the assemblies involved in this type of study are not manufactured to 
be repaired or disassembled. Consequently, we found parts to be clinched, spot welded 
or even are welded together, and disassembly was carried out with some discretion to 
prevent destroying the parts or distorting them to the extent the process analysist 


would have difficulty determining their manufacturing process. 


IDENTIFICATION AND WEIGHING 


To insure proper identification of all components for further processing or later 


reference, three methods were utilized: 


e An identification tag was prepared for each individual part or assembly, 


and attached as the disassembly progressed. 
@ A complete parts list was prepared for the components of each system. 


e A photograph was taken of the components for each system. 


DISPLAY 


After completing the identification and weighing, components were displayed on 
vertical boards to facilitate the analysis of changes between comparable systems. Parts 
were displayed in approximate car position and in proper functional relationship to 
each other. The report photographs were taken of these displays. The photographing 
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Figure 2 


Sample Part Identification Tag 
=992 


process used a central position and a common distance so that all parts in the 
photographs are practically distortion free and comparable for size. Mounting holes 
on the board are at 1 inch intervals and therefore provide a convenient scale for 
estimating actual part size. i 


While the parts were thus displayed, a complete parts list of each system was 
prepared as a guide for future reference. The parts list was organized in the same 
order as the photograph and individual part identification numbers were assigned to 
facilitate cross-reference. (See Table 15, Part Numbering System and Table 15A, 
Automobile Make and Model Identification). 


Parts lists and photographs of all parts of each system will be found in the 
Sections relating to each Standard. The lists and photographs will be found adjacent 
to each other for ease of identification. The identification number also provides 


convenient cross-reference. 


Seat Belt Anchor Photographs - In most cases, the seat belt anchor nut, reinforcing 
plate, and the panel it was attached to were rusted together to the extent they would 
be indistinguishable as separate items in a photograph. To facilitate identification, 
the rust was removed and the parts painted, the reinforcing plate grey and the nut 
black. In a few cases, parts of the reinforcing plate actually crumbled away during 
rust removal. The part outline had to be restored with paper or foil and painted grey 


for photographing. 


TECHNICAL ANALYSIS 


As parts from comparable vehicle system became available they were analyzed 


to determine: 
e Differences between models 


@ The reasons for the differences 

To meet the requirements of the Standards 
Styling 

Cost Reduction 


® @ @ ®@ 


Product Improvement (Functional improvements not related to the 


requirements of the Standards) 


A summary of this analysis for each vehicle is provided adjacent to the corre- 


sponding parts list and photographs. 
=30- 
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NUMBER 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


22 


TABLE 15A 


AUTOMOBILE MAKE AND MODEL IDENTIFICATION 


MAKE 
Chevrolet 
Chevrolet 
Chevrolet 
Ford 
Ford 
Ford 
Chrysler 
Chrysler 
Chrysler 
A.M.C. 
Toyota 
Nissan 
Chevrolet 
Chevrolet 
Ford 
Ford 
Chevrolet 
Ford 
Chrysler 
A.M.C. 
Nissan 


Toyota 


SIZE* 
Standard 
Intermediate 
Compact 
Standard 
Intermediate 
Compact 
Standard 
Intermediate 
Compact 
Subcompact 
Subcompact 
Subeompact 
Standard 
Light 
Standard 
Light 
Standard 
Standard 
Standard 
Standard 
Light 


Light 


*Size Classification Per Automotive News 


=o = 


MODEL 


Impala-Caprice 


Malibu 


Cavalier 


Crown Victoria 


Fairlane 
Mustang 


Sth Ave 


= GND) 


nue 


"E" Class 


Valiant-Reliant 


American, Gremlin, Alliance 


Corona, 
Sentra 

Pickup, 
Pickup, 
Pickup, 
Pickup, 
M.P.V., 
M.P.V., 
M.P.V., 
M.P.V., 
Pickup 


Piekup 


Tercel 


C-10 

S-10 

F-150 

Ranger 
Blazer 
Bronco 

Ram Charger 


Jeep 


The net result of this analysis is the accurate and complete identification of all 
changes in the component parts of the selected systems which are attributable to the 
requirements of the specified FMVSS. 


MICRO-ANALYSIS 


All components identified in the previous Technical Analysis as changed because 
of the implementation of the FMVSS were cost analyzed to determine their consumer 
price. This detailed cost determination is known as a Micro-Analysis. It has been 
used by Pioneer and other contractors to establish accurate costs of manufactured 
products. By this method, manufacturing costs are determined by a detailed analysis 


of the processes used to produce the parts. 


The analysis of each part is based on utilizing high volume efficient manufacturing 
methods and equipment as used by the large U.S. vehicle manufacturers. This analysis, 
at Pioneer is conducted by manufacturing process engineers who had previously per- 
formed these studies at major automobile companies. This process provides a much 
more accurate estimate of manufacturing cost than short cut methods based on material 


weight or other part characteristics. 


By actual analysis of each part, the Micro-Analysis process determines the 


following base elements of variable manufacturing cost: 


Material - The component analysis establishes the type of material used for 
the part. The measured weight of the finished part is then modified (based 
on the process analysis - see Labor) for the amount of material removed in 
the manufacturing processes which provides the rough or purchased material 
weight. This weight (in pounds) is then multiplied by the current cost per 
pound contained in Pioneer's data processing file to provide the net material 


cost of the part. 


Labor - Each identified component is analyzed by manufacturing process 
engineers to establish the individual operations required to manufacture the 
part by high volume automotive practice. The analysis provides the amount 
of labor time necessary to handle the part through the various operations. The 
total labor time multiplied by current labor rates contained in Pioneer's data 
processing file provides the net labor content of the part cost. (In certain 
cases more than one labor rate may be applicable to the manufacture of a 


part.) 
Seleh 


Burden - The process analysis of each part also includes the determination of 
the type of manufacturing equipment required for each operation plus the time 
cycle on the machine to provide the required operations. The time required 
on each piece of equipment (commonly called oceupancy time) multiplied by 
the burden rate for the equipment contained in Pioneer's data processing file 
provides the burden cost applicable to each operation. The sum of these for 
all operations on a part provides the burden cost factor of the variable 


manufacturing cost. 


The total VARIABLE MANUFACTURING COST for each part is the sum of the 
MATERIAL, LABOR and BURDEN elements determined by the Micro-Analysis process. 


The individual process elements as determined by the process engineer's analysis 
are recorded on a worksheet(s) for each part. A sample of the work sheet used by 


Pioneer is shown in Figure 3. 


The work sheets with the part process data are supplied to Pioneer's data processing 
center where cost values are provided by the computer from cost factors (labor rates, 
burden rates, ete.) contained in the data bank. A sample of the cost data printout 
sheet is shown in Figure 4. This data processing capability effectively eliminates the 
potential for routine mathematical errors as well as greatly speeding up the data 


processing time. 


Coincident with the determination of variable manufacturing cost for each part, 
the cost of the tools necessary for each operation is also determined. This item is 


provided on the work sheet and carried over onto the printout sheet for reference. 


MACRO-ANALYSIS 


In order to calculate the consumer price of a component, it is first necessary 
to determine the manufacturers' wholesale price or the price he charges the retail 
dealer. This price consists of the variable manufacturing cost of the component plus 
cost elements such as fixed burden, administration, research and development, profit, 
ete. The difference between variable manufacturing cost and wholesale price for a 
given manufacturer can be determined by a process known as Macro-Analysis. This 
process analyzes corporate financial statements such as annual reports and 10-K reports 
filed with the Securities and Exchange Commission to separate elements of variable 
manufacturing cost - labor, purchased material which would include raw material, and 


applicable variable burden from the income received from selling manufactured goods. 
age 
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The ratio of income from sales to variable costs as determined by this Macro-Analysis 
ean then be applied to the estimated variable manufacturing cost for a component to 


provide an estimate of the wholesale price. 


This ratio of variable manufacturing cost to wholesale price varies among industries 
and also between companies in the same industry. For this contract, NHTSA directed 
that an average value for the automotive industry should be used for the determination 


of wholesale price from the estimated manufacturing costs developed by this analysis. 


The variable cost portion of income from sales (wholesale price) as determined 
from Macro-Analysis studies of the major U.S. automotive manufacturers is shown in 
Table 16. 1978 values have been used because of the extensive distortion of typical 
relationships resulting from the depressed economic conditions in the automotive industry 


in the past four years. 


Based on the production weighted average developed from the Macro-Analysis 


(Table 16), the ratio of sales (wholesale price) to variable manufacturing cost is 
100/74.78 = 1.337 


However, NHTSA indicated that it wished to use a "normalized" factor for this 


study. It was obtained by using the ratio of average to most efficient values: 
74.78/69.57 = 1.0749 


The ratio of sales (wholesale price) to variable manufacturing cost used in this 


study is therefore: 
1.337 x 1.0749 = 1.437 


Therefore, wholesale price is determined by the formula: 
Wholesale Price = 1.437 x Variable Manufacturing Cost 


The above ratio (1.437) was programmed into the computer so that the wholesale 


price was automatically provided on the data printout sheet (Figure 4). 


The determination of consumer price from manufacturers wholesale price is a 
funetion of the dealer discount which is applied to the manufacturers suggested retail 
price. Traditionally, this was around 20% but recent years have seen extensive 
reductions in this factor as a result of the introduction of smaller cars. NHTSA 


concurred with the use of the following as typical of current practice: 


Oi 


TABLE 16 


VARIABLE COSTS AS PERCENT OF SALES 
U.S. AUTOMOTIVE MANUFACTURERS - 1978 


MANUFACTURER VARIABLE COST % 
General Motors 69.57 
Ford 78.23 
Chrysler 86.83 
AMC 81.59 
Average* 74.78 


*Production Weighted 


223 


Domestic Vehicles 12.0% 
Imported Vehicles 13.9% 


Since this is a discount factor from published selling price, the formula for this 
study is: 


Consumer Price = 1.136 x Wholesale Price (Domestic) 
Consumer Price = 


1.161 x Wholesale Price (Imported) 


These ratios were also programmed into the computer so that consumer price 


was automatically provided on the data printout sheet following wholesale price (Figure 
4). 


The summation of individual component consumer price differentials provides the 
net consumer price effect of the FMVSS for comparable vehicle systems. 
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